To investigate the effects of chronic stress on weight changes and related behavioral changes in parents with a child who had just been diagnosed with cancer compared to parents with healthy children. DESIGN: Longitudinal case-control study with assessments occurring over a three-month period following the child's diagnosis of cancer. SUBJECTS: In total, 49 parents of healthy children and 49 parents of cancer patients aged 19-58 y. MEASUREMENTS: Body weight, diet, physical activity, self-reported mood and stress. RESULTS: Parents of cancer patients were more likely to gain weight, and experienced significantly greater weight gain over the 3 months than parents of healthy children. The magnitude of weight gain was related to the degree of psychological distress that the parents experienced. Parents of cancer patients reported lower levels of physical activity and lower caloric intake than parents of healthy children, with the most marked differences between groups occurring in the area of physical activity. CONCLUSION: Findings suggest that a major stressor, such as a child's diagnosis of cancer, is associated with weight gain. Further research is needed to determine how long these weight gains persist and whether other types of stress also produce weight gains. Such studies should focus not only on the effect of stress on eating behavior but also on physical activity.
Introduction
Stress is often cited as an explanation for weight gain, 1 but few studies have actually tested this relationship. Laboratory paradigms have been used to examine the effect of acute stressors such as viewing an unpleasant film or delivering a speech, on subsequent food intake. [1] [2] [3] These studies have identified characteristics of the stressors (eg ego-threatening) and individual characteristics (high restraint or high cortisol reactivity) that lead to increased consumption after stress. [2] [3] [4] [5] Fewer studies have examined the impact of long-term, reallife stressors on eating, exercise, or body weight. High levels of stress have been associated with poorer diets, 6 but the associations between stress and physical activity are less consistent. In a cross-sectional study of over 12 000 adults, perceived stress was associated with a higher fat diet and lower levels of physical activity. 7 Stress has also been associated with increased abdominal obesity 8 and weight gain. In a prospective study of over 5000 twin pairs, higher stress levels predicted weight gain over 6 y of follow-up. 9 Caregivers have been used as a model of the effect of ongoing stress. 10 Caregivers have been shown to have higher body mass index (BMI) than controls and to report substantial weight gain since becoming caregivers.
11
The present study was a prospective investigation of the effects of chronic stress on health behaviors and resulting weight changes. Parents of a child who had just been diagnosed with cancer were selected as a group we expected to be experiencing high levels of stress. Previous studies have shown that diagnosis and treatment of cancer in a child is associated with anxiety, stress, somatic complaints, marital difficulties, and poor adjustment in parents and families. [12] [13] [14] [15] [16] [17] These parents were studied immediately after the child's diagnosis and again 3 months later, and compared to parents with healthy children. We hypothesized that parents with children with cancer would report more distress, more calories consumed, and less physical activity and that they would exhibit greater weight change over the 3-month follow-up.
Research methods and procedures

Participants
Participants consisted of 49 parents of pediatric cancer patients (32 female, 17 male) and 49 parents of healthy children (28 female, 21 male). Parents of children with cancer were recruited through Children's Hospital of Pittsburgh within 2 weeks after diagnosis. They were identified by a social worker who asked if they would be willing to hear about a study of the impact of their child's health. Parents of healthy children (defined as those who had a child who had not been diagnosed with a major illness in the past 3 months) were recruited through neighborhood flyers and local newspaper advertisements. They were asked to participate in a study examining the effects of child health on parents' behaviors. Eligibility included caring for a child between ages 1 and 18, and the caregivers could not themselves have been diagnosed with a major illness in the past 3 months. Female participants were excluded if they reported pregnancy or were planning to become pregnant during the 3-month follow-up period.
Procedure
Participants were assessed within 2 weeks of the child's cancer diagnosis (Time 1) and again 3 months later (Time 2). For parents with ill children, sessions were scheduled around inpatient or outpatient visits. Sessions were held at Children's Hospital of Pittsburgh and the University of Pittsburgh Cancer Institute; participants were reimbursed $15 at each session.
Measures
Body weight was assessed using a portable digital scale that was calibrated with a balance beam scale at the Obesity and Nutrition Resource Center at the University of Pittsburgh. Participants were weighed in street clothes without shoes. Eating behavior was assessed with a 24-h dietary recall asking about food eaten the day before the visit. Parents were interviewed about the amount of food and drink they consumed, the method of preparation, and the time and place of consumption. These assessments were then analyzed using the Minnesota Nutrition Data System (NDS) that allowed for computation of calories and fat consumed. Previous research has shown that this approach is more reliable and accurate than food frequency questionnaires. 18 Participants also completed the Three-Factor Eating Questionnaire, 19 which assesses the level of dietary restraint (the degree to which individuals cognitively control their calorie consumption), disinhibition (susceptibility to loss of control of eating) and hunger. Physical activity was assessed using the Paffenbarger Activity Questionnaire. 20 This questionnaire asks about stairs climbed, blocks walked, and light, medium, and heavy recreational activities during the preceding week and provides an estimate of energy expenditure per week in kilocalories. This measure has been widely used in studies of exercise and weight change 21 and is correlated with weight changes over time. 22 Due to the skewed distribution of physical activity, this measure was log transformed for analysis. We also assessed time (hours) spent watching television and time spent sitting during the week. Current stress was measured using the short form of the Perceived Stress Scale. 23 This scale measures the extent to which respondents appraise their lives as unpredictable, uncontrollable, and overloaded, and has been used in research examining caregiver stress. 10 Background stress
was measured with the Recent Life Changes Questionnaire. 24 This scale was designed to assess prospective life change. Participants indicated whether they had experienced any of the list of 55 major life events in the past 3 months. Scores were then generated based on the reported number and severity of recent life events. One item on this questionnaire measures a major change in the health or behavior of a family member. The severity score of this item was calculated and used separately in analyses to indicate the specific effects of the child's diagnosis (Impact of Child's Illness). Mood was measured using the Profile of Mood States. 25 The 65-item scale contains six subscales measuring Fatigue, TensionAnxiety, Vigor, Anger-Hostility, Depression-Dejection and Confusion-Bewilderment. This scale has been widely used in healthy individuals, as well as in cancer patients and their families. 26 
Data analysis
Demographic characteristics of parents with healthy children and those with a child with cancer were compared using one-way ANOVAs and w 2 statistics. In all, 70 of the parents across both groups were married or partnered, creating 35 parent-pairs. Since analyses indicated that there were no significant correlations between two parents from the same family in baseline weight (r ¼ À0.002, P ¼ 0.99) or weight change (r ¼ À0.17, P ¼ 0.33), all cases were treated independently.
The main outcome of interest was change in body weight over time. The first analysis examined the percentage of parents of children with cancer vs parents of healthy children who gained weight, using w 2 analysis. Body weight was then examined in a 2 (group: healthy, not healthy) Â 2 (time: Time 1, Time 2) repeated measures ANOVA. Behavioral variables including total calories expended in physical activity, hours spent watching television, calories consumed and percent of calories from fat were also evaluated with repeated measures ANOVA. Analyses then examined differences in physical activity and diet between the 20% of the sample, who gained the most weight compared to the 20% of the sample who lost the most weight using 2 (group: weight gain, weight loss) Â 2 (time: Time 1, Time 2) repeated measures ANOVAs.
To confirm that parents of children with cancer were more stressed, univariate ANOVAs were used to compare parents of children with cancer to parents of healthy children on Time 1 scores of Impact of Child's Illness. Analyses examining the effects of psychological distress across various measures (including stress, depression, anxiety, number and severity of life events) were performed using multivariate tests Stress and weight AW Smith et al (MANOVA) . Correlations between these outcome measures ranged from 0.28 to 0.87; therefore, all distress variables were examined within one model. Univariate and follow-up tests were reported when relevant. Analyses were then performed examining differences in distress variables in the 20% of the sample that gained the most weight compared to the 20% that lost the most weight using similar MANOVA models.
Finally data were analyzed to examine explanations for observed changes in weight. Correlations were computed between the behavioral variables, the psychosocial variables, and weight change (Time1 to Time 2) for each group separately and across groups. Figure 1 ). Stressed parents also had a broader range of weight change, from À3.6 to 8.9 kg (À8 to 20 lbs), compared to À3.9 to 3.2 kg (À9 to 7.0 lbs), in control parents (see Figure 2) . Moreover, there was a significant Group Â Time interaction F(1,94) ¼ 15.03, In all, 50% of those participants above the median in restraint gained weight and 45% of those below the median in restraint.
Results
Examination of behavioral variables including physical activity and inactivity, and eating behavior showed differences between parent groups and over time (see Table 2 ). For physical activity, there was a highly significant main effect of Group, F(1,94) ¼ 43.38, Po0.0001. Parents of cancer patients reported only 400-500 kcal/week of physical activity compared to 1400-1500 kcal/week in parents of healthy children. There was also a significant Group Â Time interaction (F(1,94) ¼ 6.04, Po0.05); parents of cancer patients increased their activity physical activity from Time 1 to Time 2, t(48) ¼ À2.50, P ¼ 0.01, while parents of healthy children reported no changes in activity level, t(48) ¼ 0.49, P40.05.
Analyses of sedentary behavior (hours spent watching television) showed a significant Group x Time interaction, F(1,94) ¼ 5.84, P ¼ 0.01. Follow-up tests suggested that parents with ill children watched more hours of television at Time 1 than parents of healthy children (t(48) ¼ 2.54, P ¼ 0.01), but the groups were similar at Time 2. Differences between groups were also found for diet. In contrast to our original hypothesis, parents of cancer patients reported consuming fewer calories than control parents, F(3.91) ¼ 4.48, Po0.05. There were no significant differences between groups on the percentage of calories consumed from fat.
We then examined differences in physical activity and diet by the 20% who gained the most vs the 20% who lost the most in the whole sample. There were no significant differences between weight gainers and weight losers in terms of physical activity, time spent watching television or on either dietary variable (calories or percentage of calories consumed from fat).
The next set of analyses examined effects of distress by parent group. As expected, parents of cancer patients reported more extensive impact of having an ill child at Time 1 than did parents of healthy children, F(1,88) ¼ 97.71, Po0.0001. Parents of cancer patients also reported more stress, depression, anxiety, and a greater number and severity of major life events over time than did control participants. Correlations were then computed between weight change and the behavioral and distress variables for each of the parent groups. Among parents of healthy children, hours spent watching television was significantly associated with weight gain (r ¼ 0.35, Po0.05). Among the parents of cancer patients, weight change was not significantly associated with any of the behavioral variables. Self-reported impact of having an ill child (r ¼ 0.30, Po0.05) and severity of recent life events at Time 1 (r ¼ 0.32, Po0.05) were the strongest predictors of weight gain among the parents of cancer patients.
Discussion
In the current study, parents of children recently diagnosed with cancer reported marked psychological distress, anxiety and depression. Following these parents prospectively can thus provide important information about stress-associated changes in eating and exercise behavior and weight changes. We found that parents with children diagnosed with cancer reported less physical activity, more sedentary behavior, and lower caloric intake than parents with healthy children. Most importantly, we found that parents of children with cancer were more likely to gain weight and gained more weight over 3 months than parents of healthy children.
Investigating a stressor of this nature and magnitude is challenging and imposes a number of limitations on study design and implementation. Most importantly, we were not permitted to meet with these parents prior to their diagnosis. Thus, we do not have a prediagnosis baseline assessment; and therefore we cannot rule out prediagnosis differences between parent groups. Although our original goal was to recruit friends of the parents of cancer patients as a comparison group, to control for socioeconomic factors, this proved to be logistically impossible. Moreover, in order to maximize participation, we needed to meet with parents of cancer patients in the hospital or outpatient clinic. Thus, study personnel were not blinded to parent group status. Future investigators may be able to learn from our experiences to improve study methodology in research on weight change following major life stressors.
Keeping these limitations in mind, findings in this study are consistent with the hypothesis that stress is associated 
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AW Smith et al with weight gain and offer prospective, naturalistic confirmation of cross-sectional studies. On average, parents of children with cancer gained more than 1.5 kg over 3 months, or 0.5 kg (1 lb) per month for 3 months. Whether the weight gain would have continued over long periods of time remains unknown. In contrast to laboratory studies, the present investigation found no evidence that dietary restraint, disinhibition or hunger was related to this weight change. Perhaps, these variables are more strongly associated with increased consumption in a single meal setting than over the 3-month time period studied here. Parents of ill children reported lower physical activity, lower dietary intake, and lower amounts of television watching than parents of healthy children. Interpretation of these data is difficult for several reasons. First, the 24-h recall and the Paffenbarger Activity Questionnaire both provide data on current behavior, but there is no information about the eating and exercise behaviors of the two groups before the diagnosis of cancer. Thus, change in these behaviors from their prestress levels cannot be determined. Moreover, self-report measures are known to be subject to bias, with overestimation of physical activity and underestimation of diet. 27 Inaccurate reporting may particularly occur in stressed parents as their high level of stress may interfere with their ability to recall their own behaviors; likewise, inconsistency in their behaviors from day to day may not be accurately captured in the diet and exercise assessments. Interestingly, the most dramatic difference in weight related behavior between parents of children diagnosed with cancer vs parents of healthy children occurred is the area of physical activity (rather than diet). Parents with an ill child reported expending 400-500 kcal/week in activity, compared to 1400-1500 kcal/week in parents of healthy children. This finding probably reflects the major change in daily routine that has occurred after the cancer diagnosis (eg spending a great deal of time in the hospital). Few, if any, previous studies of stress have examined the role of decreases in physical activity; rather the emphasis has been on changes in diet, which may not reflect the main area of behavior change related to body weight. Interventions targeting families of cancer patients or others undergoing major life stressors may therefore want to focus more on total energy balance and to emphasize exercise programs.
In the present study, parents of cancer patients reported eating less than parents of healthy children. Previous studies of stress and eating have typically reported increased, rather than decreased consumption 1 and hence we had expected such increases. The intensity of the stress studied here may well have been related to the decreased, rather than the increased consumption. The present study did not show that the diet or exercise behaviors were correlated with the changes in weight, perhaps due to the methodological issues noted above. However, the energy balance data actually fit quite well with the average weight gain observed. The difference in energy balance between parents of healthy and ill children averaged 700 kcal/week (1000 kcal/week less exercise and 300 kcal/week less intake in parents of ill children) over 12 weeks or an 8400 kcal difference overall. This would correspond to a 1.1 kg difference in weight change, whereas the observed difference was 1.76 kg. There were no significant differences found in physical activity or diet variables in those who gained the most weight vs weight losers. However, this may have been due to the small sample size, as these analyses were limited to 40% of the total sample. This study found that the 20% of participants who gained the most weight reported more anxiety than weight losers. Further, self-reported number and adjustment to severe life events, depression and anxiety were all correlated with weight gain, not weight loss. While we expected that this relationship would be mediated through behavioral variables, behavioral factors were not associated with weight change in our sample. This is likely due to methodological limitations in measuring physical activity and diet, as well as our small sample size. Our results were comparable to other research showing stronger associations between depressive symptoms and weight change than between behavioral factors and weight change. 28 Diagnostic criteria for clinical depression includes both weight gain and weight loss. 29 However, subclinical levels of depressive symptoms have been shown to predict weight gain. 28, 30, 31 Previous research on anxiety and weight change is limited. Studies examining weight and anxiety have focused primarily on eating disorders, 32 making it difficult to draw conclusions about the effects of anxiety on weight gain vs weight loss. Previous research has found higher levels of stress were associated with weight gain over 6-and 15-y periods. 9 Other research found that caregiver stress and depression were associated with equal numbers of weight gainers and weight losers compared to those with stable weight. 10 Additional studies with other naturalistic stressors are needed to determine whether these stressful situations are associated with weight losses, gains, or possibly both.
In conclusion, we found that parents of children recently diagnosed with cancer reported significant psychological distress and experienced weight gains averaging 1.76 kg over 3 months compared to weight stability in nonstressed parents. Further research is needed to determine whether weight gain occurs commonly in response to major life stressors and the magnitude and duration of these weight gains. Few studies have examined the effect of major naturalistic stressors on physical activity. Differences were most pronounced at Time 1, just after the cancer diagnosis. In future studies it will be important to determine whether there are differences prior to diagnosis and to investigate the initial time period around the child's diagnosis with comparable controls. Finally, given the significant differences in activity levels of parents of healthy vs ill parents in the present study and the impact of physical activity on overall health, 33 future research should focus more on the effect of stress on physical activity as well as on eating and 
